Introduction
relatively poorly resolved tree, within which only several clades received moderate to strong support (see 185 Supplementary Fig. S3 online) . Notable clades include one containing six typically rare Andean species 186 (alida clade: P. alida, P. sp. nov. 3, P. inania, P. lonera, P. teresita and P. thabena), supported by a 187 number of genitalic characters. The immature stages (i. e., larvae and pupae) of this clade are also 188 remarkably different in coloration and morphology from those of other Pteronymia species, and the 189 distinctiveness of the genitalia and immature stages previously led to the description of a new genus, 190
Talamancana, to include P. lonera 41 To calibrate the phylogeny of Pteronymia, we used a combination of secondary calibrations of 198
Nymphalidae ages 38 and maximum age constraints based on host-plant lineage ages (Solanaceae). To 199 extract those ages, we used the molecular matrix of a previous Solanaceae phylogeny 42 to generate a new 200 phylogeny, which was calibrated with the stem age of the family extracted from a dated phylogeny of 201 Angiosperms 43 . Our Solanaceae phylogeny shows similar node support and topology to those of the latest 202 published phylogeny of Solanaceae 42 . Median lineage ages are on average about 25% older and have 203 wider 95% credibility intervals (Table 2, see Supplementary Fig. S4 online) . In most lineages the 95% 204 credibility intervals presented here span the median age of the published phylogeny of Solanaceae 42 , but 205 the median ages themselves fall almost always outside the 95% credibility intervals of the previous 206 phylogeny ( Table 2 ).The wider credibility intervals in our study are due to the use of the more 207 conservative uniform prior on the calibration point as compared to the previous phylogeny of Solanaceae, 208 which implemented a log-normal prior that tends to drive ages towards the mode of the prior 209 distribution 42 . Consequently, the ages of the lineages used for calibrating the phylogeny of Pteronymia 210 are older than those inferred previously 42 (Table 2) . 211 212 Dated combined Pteronymia phylogeny 213
We combined morphological and molecular data to generate a species-level phylogeny that was 214 calibrated using secondary calibrations from a published Nymphalidae phylogeny 38 , and from Solanaceae 215 lineage ages estimated in this study, using BEAST 1.7.5 44 . The combination of morphological and 216 molecular data generated a phylogeny comprising all known extant species (Fig. 1) . Many nodes were 217 10 indicates that the phylogeny correctly represents the trait covariance among species (Brownian motion 286 model of evolution), while λ < 1 indicates that the phylogeny overestimates the trait covariance among 287 species. A δ value of one means that the trait evolves at a constant pace along branches of the tree; δ < 1 288 indicates early changes in the character values followed by a slowing down of the evolution rate; while δ 289 > 1 indicates accelerated evolution rate and species-specific adaptation. For the mean elevation and the 290 elevational range, estimates of λ across all trees from the posterior distribution and for the MCC tree were 291 not significantly different from one, meaning that trait evolution does not differ from a Brownian motion 292 model. Estimates of δ for the mean elevation were also not significantly different from one (Table 3) . For 293 the lower and upper boundaries of the elevational range, the estimates of δ were significantly higher than 294 one in >50% of the trees of the posterior distribution (Table 3 ).The MCC tree showed significantly higher 295 estimates of δ for the lower boundary of the elevational range, but only marginally significant for the 296 upper boundary (Table 3 ). Values of δ higher than one indicate an acceleration of the rate of evolution of 297 elevation range and species elevational specialisation. Results differ between the mean elevation and 298 elevational range perhaps because the mean is less variable than the range (e.g., species with different 299 elevational ranges may have similar elevation mean). Reconstructions of ancestral mean elevation and 300 range boundaries accounting for the inferred δ values are depicted on Fig. 4 . 301
302

Temporal patterns of diversification 303
We first investigated heterogeneity among clades for speciation and extinction rates using 304 MEDUSA 47 on the MCC tree and on 100 trees from the posterior distribution. No significant shift of 305 diversification rates was found on the MCC tree. Five trees of the posterior distribution (5%) had at least 306 one significant shift of diversification rates. Each of those shifts was found in less than 5% of the trees, and 307 therefore considered as non-significant. We then investigated whether diversification rates varied through 308 time by fitting time-dependent models of speciation and extinction rates 48 . The best fitting model was an 309 exponential time-dependent speciation rate without extinction (Table 4) . According to this model 310 speciation rate decreased from 0.646 event per lineage per million year for the MCC tree and 0.538 ± 0.024 311 for the 100 trees at the origin of the genus (crown) to 0.148 for the MCC tree and 0.159 ± 0.002 for the 100 312 trees at present ( Fig. 5 ). All other models, including the constant speciation rate model, were rejected at the 313 threshold of ΔAIC > 2, strengthening the support for a decreasing speciation rate through time. Our extensive molecular sampling of the genus Pteronymia encompassing multiple subspecies and 317 combined with morphological and distributional data enabled us to redefine species boundaries in the 318 genus, resulting in six additional recognized species in the genus. The resulting taxonomic changes now 319 clearly unhelpful in these cases, although mimetic wing pattern and life histories, where known, often did 322 show significant variation. As knowledge of the biology of different populations and more material for 323 molecular study become available, additional changes to the species taxonomy may be needed in future. 324
At deeper levels of the phylogeny, despite Pteronymia showing some of the greatest diversity within the 325 Ithomiini in terms of the male and female genitalia, wing venation and androconia, immature stage 326 morphology and biology, this variation proved remarkably unhelpful in resolving the phylogeny, perhaps 327 due to high rates of morphological character evolution. The combination of morphological and molecular 328 characters obviously increased the resolution of the phylogeny compared to morphology alone, but many 329 clades were still surprisingly poorly supported, and in any case the phylogeny of Pteronymia was less 330 resolved than those of other ithomiine genera 6,27,49,50 , even when considering only molecular characters. 331
This may be due to incomplete lineage sorting, rapid diversification or hybridization. While hybridization 332 and introgression seem common in other mimetic butterflies, such as Heliconius 51-53 , nothing is known 333 about such processes in ithomiine butterflies. Future genomic data may shed light on demographic 334 processes and gene flow between species, which may have contrubted to the poor support seen in some 335 nodes in the Pteronymia phylogeny. 336
Our calibration strategy, based on a combination of secondary calibration derived from host-plant 337 and Nymphalidae phylogenies, required the recalibration of a published Solanaceae phylogeny 42 (host-338 plants of most Ithomiini) because original ages were biased toward present, which precludes using those 339 data as maximum calibrations. Our new calibration scheme, based on a secondary calibration extracted 340 from a fossil-dated phylogeny of Angiosperms 43 , inferred ages of Solanaceae lineages that were about 341 25% older than previous estimates 42 , but mostly within the 95% confidence range of those estimates. The 342 host-plant ages used in this study as maximum constraints are based on one of the 'youngest' hypothesis 343
for Angiosperm diversification and recent studies suggest older ages of Solanaceae. A phylogenetic 344 inference using genomic data found a much older origin of Angiosperms 54 , but this had a moderate 345 impact on the stem age of the order containing Solanaceae (Solanales: ca. 92 mya 54 versus 85.9 mya 43 , 346 with overlapping 95% confidence ranges 54 ) and presumably on that of Solanaceae (not inferred in that 347 study). The recent description of a 52.2 my old Physalis fossil 55 , a solanaceous genus that is inferred to be 348 9.1 [5.9 -12.9] my old in our study (stem age), is much more challenging for the ages of Solanaceae and 349
Angiosperms as a whole. It is possible that this recently described Physalis fossil represents an earlier 350 lineage of Solanaceae. The inflated calyx is found in many genera throughout the 'berry' clade of 351 Solanaceae (i. e., the subfamily Solanoideae, where the stem is the MRCA of Nicotiana and Solanum 352 and the crown the MRCA of Latua and Solanum 56 ) and transcription factors governing this character 353 whole, and would not have a major effect in pushing back the stem and crown node age of Solanaceae. In 356 terms of our findings here, older Solanaceae age estimates does not affect our time-calibrated Pteronymia 357 tree given that butterfly clades appear to be much younger than their corresponding host-plant groups 358 even when host-plant ages were inferred from one of .the 'youngest' Angiosperm time-calibrated 359 phylogenies 43 . 360
Our combined calibration strategy therefore resulted in ages that were consistent with those inferred 361 in the Nymphalidae phylogeny 38 , but older than those inferred in the higher-level Ithomiini phylogeny 37 . 362 This difference stems from several factors. The new ages of the Solanaceae lineages (this paper) used as 363 maximum calibration were 25% older than the previous estimates used in the higher-level Ithomiini 364 phylogeny 37 , and we used the oldest boundary of the 95% credibility interval as the (hard) maximum age 365 of corresponding ithomiine lineages, instead of the mean as in the higher-level Ithomiini phylogeny 37 . 366
The rationale for this is that minimum (such as fossil-based) and maximum (such as host-plant-based) 367 calibrations ought to be conservative and therefore account for uncertainty in calibration age 60 . In our 368 case, where we implemented conservative uniform priors between maximum ages and present, node ages 369 in the Pteronymia phylogeny were not necessarily attracted towards maximum ages, they were just 370 allowed to go as far as those ages. Since host-plant ages provide maximum calibrations, they need to be 371 combined with minimum calibrations, in a way similar to fossil-based minimum calibrations that need to 372 be combined with at least one maximum calibration point 60 . Given the absence of fossils for Danainae, 373
here we supplemented the host-plant-derived calibrations with secondary calibrations extracted from the 374 Nymphalidae phylogeny 38 , which was calibrated with a combination of fossils and host-plant constraints. 375
These calibrations provided both minimum and maximum ages, and therefore imposed a stronger prior on 376 ithomiine ages than the host-plant-derived calibrations, but to be as conservative as possible we used a 377 uniform prior spanning the 95% credibility interval of the Nymphalidae ages that were used for 378
calibration. 379
Our results based on the biogeographic reconstruction of the genus Pteronymia and evolution of 380 elevational range were consistent across trees of the posterior distribution despite the relatively poor 381 resolution of the MCC phylogeny, and revealed the fundamental roles played by the Northern Andes in 382 the diversification of the group, in multiple ways. The Northern Andes have probably been (1) the area of 383 origin of the group (although the inference for the root is not well resolved, this region appears in all the 384 potential ancestral areas); (2) the centre of early and sustained local diversification; and (3) a source of 385 recent colonizations to lowland areas and to Central America, that led to an accelerated evolution of the 386 elevational range. 387 found in other Andean ithomiine genera, such as Hypomenitis 34 , and to a lesser extent Napeogenes 6 and a 389 clade of Oleria 4 . These groups originated and diversified in the Northern Andes during the last 10 million 390 years, a period during which the Northern Andes experienced different phases of intense uplift 9 . This 391 period of orogeny involved great landscape transformations that may have affected the dynamics of 392 Andean lineages, by isolating populations within deep valleys or on both sides of the Andes, but also in 393 modifying the climatic conditions. Also, the slopes of the Andes offer a great number of opportunities for 394 ecological speciation due to significant environmental turnover resulting in high habitat, host-plant and 395 predator diversity. In the genus Pteronymia, the observed decrease of speciation rate with time and the 396 low support for basal nodes may indicate a rapid diversification driven by adaptive factors. Elevations up 397 to 2000m probably already existed by 10 million years ago in the Northern Andes 61 . Given the timing of 398 diversification of the genera Hypomenitis, Napeogenes and Pteronymia in the last 15 to 5 million years, 399 the majority of speciation events have likely not coincided with the appearance of newly available 400 elevations. Instead, speciation was probably facilitated by an already well-established and diverse 401 ecosystem. The slopes of the Andes harbour not only a diversity of habitats and host-plant 402 communities 62,63 , but also a diversity of mimicry rings 27 . Pteronymia is one of the most diverse ithomiine 403 genera in terms of mimetic wing colour patterns. Shifts in colour pattern are known to drive speciation in 404 other mimetic butterflies such as Heliconius 64,65 , where colour pattern is considered as a 'magic' trait, i. 405 e., a trait that is both under disruptive selection and associated with assortative mating 64,66,67 . Mimetic 406 butterflies often harbour multiple geographic races with different colour patterns, and it has been shown 407
in Heliconius butterflies that interracial hybrids that display an intermediate, non-mimetic colour pattern 408 suffer higher predation 65 . Shifts in colour pattern may therefore cause postzygotic reproductive isolation. 409
In addition, Heliconius butterflies tend to prefer mates with their own colour pattern over conspecifics 410 with a different colour pattern 64,66,67 , thereby driving prezygotic reproductive isolation. In this case, loci 411 involved in mate preference and in colour pattern are tightly linked 68 . In Ithomiini, experimental evidence 412 for the role of colour pattern as a mating cue is absent due to the difficulty of maintaining and rearing 413
Ithomiini in captivity, but observation suggests that this may be the case 69 rarely followed by speciation events. Many of these events occurred without strong elevational shifts 443 suggesting that dispersal may have been facilitated by the existence of similar ecological conditions in 444 montane areas. By contrast, dispersal toward lowland areas, such as the Upper Amazon, may have 445 entailed more adaptations to fit different bioclimatic conditions or host-plants, which likely explains the 446 rare occurrence of such events. 447
There is a debate surrounding the timing of the closure of the Panama Isthmus. The hypothesis 448 that it occurred very recently (5-3 mya) has been widely adopted in the literature (see 12 The pattern of diversification inferred for Pteronymia is very similar to biogeographic patterns of 457 other taxa described in the literature. For example, in vertebrates, the Northern Andes were a major centre 458 of diversification for glassfrogs (Allocentroleniae), which subsequently fed the adjacent areas through 459 dispersal, including the Central Andes and the non-Andean regions 3 . A similar conclusion was reached in 460 the Thraupini tanagers, which also diversified during the last 10 million years, with higher rates of 461 colonization out of the Northern Andes (mostly toward the Central-Andes) rather than into that region 75 . 462
The bat genus Sturnina also diversified during the last 10 million years, from the Northern Andes toward 
Morphological characters and phylogeny 476
Prior to our study, 47 species were listed in the genus Pteronymia, but this figure increased to 53 after 477 taxonomic revision based on new data (Table 1) . Forty-six adult and 41 immature (i.e., larval and pupal) 478 morphological characters were examined in 52 Pteronymia species (after our revision, see Supplementary  479 Methods S1, Supplementary Table S2 test, with 1,000 replicates and 100 random taxon additions, and Bremer support, using the script 487
Bremer.run in TNT. 488
We used a total of 166 Pteronymia specimens for molecular analyses, representing 41 of the species 491 recognized prior to our revision, and 47 of the species recognized after our revision (Table 1; 
see 492
Supplementary Table S1 online). Species with no molecular data were P. alcmena, P. alicia, P. calgiria, 493 P. fumida, P. glauca and P. peteri. 494
We used de novo (ca. 85%) and published (ca. 15%) sequences from five gene regions to infer a 495 molecular phylogeny (see Supplementary Table S1 online): the mitochondrial region spanning the 496 mitochrondrial genes cytochrome oxidase c subunit 1, leucine transfer RNA and cytochrome oxidase c 497 subunit 2 (CO1, tRNAleu, CO2, 2356 bp), and the nuclear genes tektin (735 bp) and Elongation Factor 1 498 alpha (EF1A, 1259 bp). Species coverage was 98% for the mitochondrial fragment, 73% for tektin and 499 63% for EF1A. Primers and PCR conditions followed previously described conditions 6 . In addition, 52 500 ithomiine and danaine outgroup species were selected 34 (see Supplementary Table S1 online). The dataset 501 was then partitioned by gene and codon positions and the best models of substitution for optimized sets of 502 nucleotides were selected over all models implemented in (1) RAxML 79 and (2) MrBayes 80 , using the 503 'greedy' algorithm and linked rates implemented in PartitionFinder 1.1.1 81 (see Supplementary Table S3 504 online). 505
We performed a maximum likelihood phylogenetic inference using RAxML 79 on the Cipres server 82 . 506
In addition, we performed a Bayesian inference of the phylogeny using MrBayes 3.2.2 80 on the Cipres 507 server 82 . Substitution models of each partition were re-estimated in MrBayes 3.2.2 using the reversible-508 jump MCMC 83 . Two independent analyses were run for 10 million generations, with four Monte Carlo 509
Markov chains each and a sampling frequency of one out of 10,000 generations (resulting in 1,000 510 posterior trees). After checking for convergence, the posterior distributions of the two runs were 511 combined, with a burnin of 10%. The maximum clade credibility tree with median node ages was 512 computed using TreeAnnotator 1.6.2 44 . The resulting tree was used to investigate topology and species 513 boundaries. 514 515
Molecular dating 516
In order to estimate a time-calibrated phylogeny of Pteronymia, we combined two types of time 517 constraints: the age of larval host-plants and age estimates from higher-level phylogenies of butterflies. 518
Host-plant ages can be used as maximum age constraints in phylogenies of mono-or oligophagous 519 herbivores 37,38 , assuming that such herbivorous taxa diversified only after the emergence of their host-520 plant lineages. Most Ithomiini feed on Solanaceae, which represents a host-plant shift from the ancestral 521 host-plants of Danainae (Apocynaceae 84 ). In a previous study aiming at dating a higher-level phylogeny 522 of the tribe Ithomiini 37 , ages of several Solanaceae lineages inferred from a dated phylogeny of 523 Solanaceae 42 were used as maximum calibrations for Ithomiini clades feeding on specific Solanaceae 524 lineages. The ages of clades in the Solanaceae phylogeny 42 were minimum age estimates because 525
Solanaceae fossils known at that time were placed conservatively at the stem ages of lineages with which 526 they shared morphological synapomorphies, and because fossils in general can only provide minimum 527 age estimates for clades. Therefore, using those minimum Solanaceae ages as maximum calibrations for 528
Ithomiini lineages may strongly underestimate the ages of the butterfly lineages, especially when using 529 mean or median age estimates instead of older bounds. Here, we took advantage of a recent calibration of 530 the family-level phylogeny of the angiosperms based on 151 fossils 43 to recalibrate the Solanaceae 531 phylogeny using the inferred stem age of Solanaceae, i.e., 66.6 mya, as a calibration point in a Bayesian 532 framework (Supplementary Methods S1.2). Due to the recent description of a 52.2 my old Solanaceae 533 fossil placed in the extant genus Physalis 55 that could have dramatic consequences on the age estimates of 534
Solanaceae and Angiosperms as a whole, we also ran an analysis without calibration based on host-plant 535 ages. Indeed, much older ages of Solanaceae lineages as those implied by this discovery would have 536 hardly any impact on the ages of Ithomiini, and removing host-plant derived calibrations is therefore a 537 conservative way of testing the influence of older host-plant ages. Since the two calibration strategies 538 yielded almost the same ages (see results) we performed the biogeographic and diversification analyses 539 on the tree calibrated using the combined calibration strategy detailed below. For further discussion on 540 the recently described Solanaceae fossil and its potential effect on host plant age estimates, see 541
Discussion above. 542
We extracted the new maximum ages of several Solanaceae lineages from our newly calibrated 543 phylogeny in order to provide maximum calibrations for Ithomiini lineages that feed on them 84 . The 544 choice of the host-plant calibrations (Fig. 1) followed that of the genus-level Ithomiini phylogeny study 37 , 545 with the following exceptions. We excluded the Solanum calibration, because the two lineages feeding 546 exclusively on Solanum (the Mechanitina and the clade comprising the Oleriina, Dircennina, Godyridina, 547
Ithomiina and Napeogeneina) do not have a sister relationship in our and in other Ithomiini 548 phylogenies 27,34 . We also excluded the Cestrum calibration (ithomiine subtribe Godyridina, excluding the 549 genera Veladyris and Velamysta) because this highly diverse genus had a low sampling fraction of 20% 550 in the Solanaceae phylogeny and was not resolved as monophyletic 42 . Finally, for simplicity we excluded 551 the calibrations based on Solanaceae genera Brunfelsia and Lycianthes, because they apply to young 552 butterfly lineages (the subtribe Methonina and the clade comprising the genera Oleria and Ollantaya, 553 respectively 37,38 ) and would have no effect on the age estimates. A uniform prior was used for host-plant-554 derived calibrations. The upper boundary of the prior was set to the upper boundary of the 95% 555 (present) (Fig. 1) . 557
As a second source of calibration points we used age estimates from Wahlberg et al.'s 38 dated 558
Nymphalidae phylogeny. We defined seven secondary calibrations points which were set to a uniform 559 prior bounded by the upper and lower boundaries of the 95% HPD of the ages inferred in the 560 Nymphalidae phylogeny 38 (Fig. 1) . 561
Sequences of all Pteronymia specimens were combined into a consensus sequence for each species to 562 maximize sequence coverage for each species 34 . We used PartitionFinder 1.1.1 81 to select the best 563 partition scheme applying to this new dataset, where only the models implemented in BEAST were tested 564 (see Supplementary Table S5 online). A time-tree was generated in BEAST 1.7.5 44 under an uncorrelated 565 lognormal relaxed clock using the same outgroups as previously, and the dating procedure described 566 above. To select the tree prior (Yule versus Birth-Death), we ran analyses with each type of prior and 567 desktop computer depending on the version of BEAST, and trees and parameters were sampled every 577 100,000 generation. After checking for parameter ESS, a 10% burnin was applied to the posterior 578 distribution and the maximum clade credibility tree with median node ages (hereafter, MCC tree) was 579 computed using TreeAnnotator 1.6.2 44 . Given the results on the tree prior (Yule versus Birth-Death, see 580 above), subsequent analyses were performed on the trees generated under a Yule prior. Because many 581 nodes of the phylogeny had moderate or poor support, we conducted most of the analyses outlined below 582 on the MCC tree and on a random subset of 100 trees extracted from the post burnin posterior distribution 583 of trees obtained from the BEAST run. 584 585
Spatial patterns of diversification 586
Geographic distribution and elevational range for all extant species were obtained from our own 587 records, museum collections and collaborators (Table 1 , Supplementary Fig. S5 ). The biogeographic 588 Elevational range (elevation range, i.e., boundaries of the elevational interval containing 95% of the 601 records and mean elevation) for all extant species were extracted from the distributional database 602 computed above (Table 1) . Evolution of elevational range was investigated on both the MCC tree and the 603 subset of 100 trees as follows. The phylogenetic signal and the tempo of evolution of the mean elevation 604 and the boundaries of the elevational range were assessed by estimating simultaneously the values of the 605 λ and δ scaling parameters 46 that maximized the likelihood of the data using BayesTraits v2 87 . A λ value 606 of one indicates that the phylogeny correctly represents the trait covariance among species, while a value 607 of 0 indicates that the trait evolution is independent of the phylogeny. A value of λ smaller than one 608
indicates that the phylogeny overestimates the trait covariance among species. A δ value of one means 609 that the trait evolves at a constant pace along the branches of the tree; δ < 1 indicates early changes in the 610 character values followed by a slowing down of the evolution rate, such as that entailed by an adaptive 611 radiation; while δ > 1 indicates accelerated evolution rate and species-specific adaptation. The MCC tree 612 was then rescaled with the corresponding δ and λ values inferred for the mean elevation and the upper 613 and lower boundaries of elevational range, when those differed from 1, such that the evolutionary rate of 614 the elevation attributes on the transformed tree was constant. The resulting trees were used to infer 615 ancestral values of the attributes (assuming a constant evolution rate), using the function contMap of the 616 R package phytools 88 . 617 618
Temporal patterns of diversification 619
To investigate the pattern of speciation and extinction rate variations through time and across lineages, we 620 chose not to use BAMM 2.5.0 89 because of recent criticisms on uninformative priors and biased estimates 621 of diversification rates 90 . Instead, we implemented a two-step procedure. We first used MEDUSA 47 622 implemented in the R package geiger 91 to detect shifts on the selection of 100 random trees of the posterior 623 rate and biased estimates of diversification rates 92 . To overcome these shortcomings and to implement time-625 dependent models of diversification, we used the method developed by Morlon et al. (2011) 48 , a maximum 626 likelihood approach that accommodates time dependent birth-death processes and enables to test for rate 627 shifts. We used as a rule that if a shift was present in at least 5% of the trees of the posterior distribution in Models were compared using AIC scores. The root of the tree was always excluded from the analyses. Our 635 phylogeny included all known species so we set the sampling fraction to 1. All models were fitted on the 636 MCC tree and on the 100 trees sampled from the posterior distribution. 637 
